SUMMARY In an earlier study (Alexander et al., 1974) it was shown that the mineral mixture used in association with a synthetic diet was deficient in zinc, copper, iron, and manganese. A new mixture containing appropriately increased amounts of these trace metals has now been evaluated by means of metabolic balance studies carried out on children with phenylketonuria. This new mixture was shown to be satisfactory for zinc, copper, and iron, but minor changes have been recommended for manganese.
Synthetic diets are used in infants and children for the treatment of inherited and acquired metabolic disorders. In a previous study (Alexander et al., 1974) using diets in which natural protein was replaced largely by amino acids, trace metals were provided from some natural foods and from a trace metal mixture, MI (either Aminogran Mineral Mixture: Allen & Hanbury Ltd., or Metabolic Mineral Mixture: Scientific Hospital Supplies Ltd., both of which had a similar composition). The results obtained from conventional metabolic balances indicated that these mixtures required the following modifications: a fourfold increase in the content of Zn, a twofold increase in Cu, and a 25 % increase in Fe. In addition, it was proposed that manganese (Mn) should be removed from the mixture. and provided separately at a dose of 1 1 ,umol (60 pg)/ kg per day. Adjustments were not recommended for any other components of the mixture. The object of the present study was to evaluate a new mineral mixture (M2) based on the above recommendations, using conventional balance techniques in patients with phenylketonuria (PKU).
Patients
Balances were performed on 7 children (Table 1) aged 23 days to 8-25 years receiving treatment for PKU with a controlled low phenylalanine diet in which a mixture of synthetic L-amino acids provided most of the protein requirements (Aminogran: Allen & Hanbury Ltd.; for details see Bentovim et al., 1970; Smith et al., 1973) . 5 of the patients were changed from MI to M2 at least 4 weeks before the balances were performed, but Cases 1 and 2 had received M2 for only 9 and 8 days respectively before the studies began.
Materials and methods
The composition of the new mineral mixture M2 is given in Table 2 together with that of Ml for comparison. The amount included in the diet was 1 * 5 g/kg up to a maximum of 8 g daily. Manganese was given in the form of one tablet per kg body The collection of diets, faeces, and urine, preparation of samples for analysis, and analytical procedures used were as previously described (Alexander and Delves, 1972; Alexander et al., 1974) . Analyses for N, P, and Ca were performed in addition to those for Zn, Cu, Fe, and Mn.
Results
Figs. 1, 3, 5, 7 show the total daily intake plotted against body weight, and Figs. 2, 4, 6, 8 show the daily intake per kg body weight plotted against daily excretion per kg body weight for the trace metals Zn, Cu, Fe, and Mn.
The mean values for daily intake, excretion, and absorption are given in Table 3 , and in Table 4 , the percentages of the daily intakes of Zn, Cu, Fe, and Mn absorbed and retained by the patients are compared with results seen in healthy children on normal diets. 
Discussion
These patients consumed a greater quantity of freely allowed natural foods, mainly fruit and vegetables, than those in the earlier study (Alexander et al., 1974 ; for details of diets in PKU, see Francis, 1975) . Their daily intakes of P and Ca were therefore higher ( Zinc. The daily intake of Zn by the patients who received M2 closely matched that observed for the control children in the earlier study ( Fig. 1) and ranged from 46 to 75 ,umol (3 0 to 4 9 mg)/day which is almost exactly the recommended intake for children of 46 to 77 ,umol (3 0 to 5 0 mg)/day (National Research Council, 1973 ). 6 of the 7 patients were in positive balance ( percentages of the daily intake which were absorbed and retained by the patients were closer to those of the control children (Table 4) .
Copper. The mean daily intake of copper by the patients receiving M2 was 1 5 ,tmol (96 ,tg)/kg per day which is slightly in excess of the 0-6-1 2 ,umol (40-80 ttg)/kg per day recommended for children (WHO, 1973; National Research Council, 1973) . All the patients were in positive balance (Fig. 4) group.bmj.com on May 1, 2017 -Published by http://adc.bmj.com/ Downloaded from passes the normal intake of 143 /Lmol/day (8 mg/ day) quoted by Macy (1942) . 5 of the 7 patients receiving M2 were in positive balance for Fe (Fig. 6 ) compared with only 2 of the 6 patients who received MI in the earlier study. The percentages of the intake absorbed and retained by the patients receiving M2 were closer to those observed in the control children than in the previous study (Table 4) .
Manganese. Alexander et al. (1974) had recommended that the patients should receive 1 1 umol (60 ,tg)/kg per day of Mn from tablets each containing 1 -1 umol. Owing to a manufacturing error each tablet contained 1 -4 ,tmol (75 ,tg) so that the patients received 1 -4 ,umol/kg per day. The 2 infants (Cases 1 and 2) who received only milk and Aminogran had dietary intakes of 1 -37 jtmol Six out of the 7 patients were in positive balance (Fig. 8 ) compared with only 3 out of 6 who received MI, and Table 4 shows that the percentages of the intake absorbed and retained by the patients receiving M2 were closer to those of the control children.
The recommended increases in the contents of Zn, Fe, Cu, and Mn in the new trace metal supplement (M2) have therefore resulted in an overall improvement of the balance status of the patients for these metals. 6 out of 7 of the patients receiving M2 were in positive balance for all four metals (Figs. 2, 4 , 6, 8) wbereas in the earlier study of 6 patients who received MI, only 2 were in positive balance for Fe and Cu, and only 3 for Zn and Mn.
Although the percentages of the dietary intakes of Zn, Cu, Fe, and Mn that were absorbed by the patients receiving M2 are now much closer to those previously observed for the healthy children, the absolute amounts absorbed and retained are higher due to the higher absolute intakes. The intakes were increased in order to produce positive retentions of these metals by the patients and this has been accomplished. There is therefore no indication that any further change should be made for Zn, Cu, and Fe, though the long-term effects, if any, of greater than normal retentions of these metals will need to be kept under review.
In the case of Mn the intakes were much higher than expected and do not compare with our previous findings. This is due to the greater intake of natural foods by the present group of patients. It (Levine and Olson, 1970; Schwarz, 1965) . Lombeck et al. (1975) emphasize the risk of deficiencies with synthetic diets and give this as an example.
In a collaborative study in the USA it was found that children with PKU were developing normally on treatment (Koch et al., 1973) and it was encouraging to see how closely the intellectual assessment approximated to that of the general population of 3 and 4 year olds. The patients did, however, appear to be slightly lower in intelligence than their normal sibs. There are many reasons why this should be, and nutritional deficiency is one possible contributory factor. In an early series of patients, Smith et al. (1973) 
